Background: Red cell distribution width (RDW) is the percentage of the erythrocyte volume variation and has been identified as a biological marker in patients with cardiovascular disease. Increased levels have been associated to worse clinical outcomes and it is suggested that it could be useful as a prognostic risk factor in this group of patients. Methods: This was an observational, prospective, longitudinal and analytic study with the objective of determining the correlation between RDW and in-hospital mortality in ST elevation myocardial infarction (STEMI) patients. 61 patients were included. We analyzed the correlation between RDW and in-hospital mortality as well as that between RDW and the GRACE risk score at hospital admission. Pearson correlation was determined in both cases by using IBM SPSS statistics software. Results: 61 STEMI patients were included, 77% (47) male and 14% (14) female. Average age was 61.8 ± 11.7 years. Average GRACE risk score was 154.9 ± 40.3. Average RDW was 14.3 ± 1.07. Inhospital mortality presented in 5 (8.1%) cases. It was found, as expected, a positive correlation between in-hospital mortality and the GRACE risk score (r = 0.314, P = 0.05). Regarding the primary end-point of the study, it was found a positive correlation between RDW and in-hospital mortality (r = 0.343), however there was no statistical significance. Regarding the secondary end-point we observed a positive statistically significant correlation between RDW and the GRACE risk score at hospital admission (r = 0.410, P = 0.01). Document downloaded from http://www.elsevier.es, day 25/08/2017. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited. Document downloaded from http://www.elsevier.es, day 25/08/2017. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.
Introduction
Although the classical risk factors for cardiovascular disease (CVD) are very important, identification of potential novel risk factors could help clarify CVD pathophysiology, offers novel targets for intervention, and lead to improved risk stratification. Erythrocytes, or red blood cells (RBCs), are constituents of clots and thrombi formed in vivo, but little is known about whether inherent properties of RBCs could affect the risk for CVD. 1 Classical in vitro studies of the function of the coagulation system are performed in plasma, without erythrocytes. However, RBCs are constituents of clots and thrombi formed in vivo and may play a prothrombotic role in blood coagulation by increasing blood viscosity and forcing platelets toward the vessel wall. 1 Red blood cell distribution width (RDW) measures RBCs volume variations (anisocytosis) and is reported as part of a standard complete blood count. 1---13 It is defined as the quotient of standard deviation of RBC volume and its mean volume and is expressed as a percentage according to the following formula: RDW = (standard deviation of red blood cell volume/mean cell volume) × 100. (The result is multiplied by 100 in order to express it as a percentage.) Higher RDW values reflect greater variations in RBC volume. 1 ---3 Although RDW is usually measured as a routine test, its levels have been mainly used in the differential diagnosis of several kinds of anemia and high levels indicate the presence of anisocytosis. 1,4---9 Increased RDW has been associated with different CVDs such as coronary heart disease, stroke, heart failure, atrial fibrillation, peripheral artery disease, pulmonary arterial hypertension, and venous thromboembolism. RDW has also been associated with overall and cardiovascular mortality in different populations. 1,3,9---11 
Methods
This was an observational, prospective, longitudinal and analytical study with the objective of determining the relation between RDW and in-hospital mortality. Sixty-one STEMI patients were included, all of them were admitted to the coronary unit of the department of cardiology at the General Hospital of México in the course of 6 months. Exclusion criteria were: chronic renal failure, hepatic failure, known hematological diseases, history of hemorrhage in the last three months that had required hospitalization and history of transfusions in the last three months. As these factors could result in substantial modifications of the RDW and play a bias in our study.
We analyzed the correlation between RDW and inhospital mortality as well as that of RDW and the GRACE risk score (applied by means of medCalc statistical software) at hospital admission. Pearson correlation was determined in both cases by using IBM SPSS statistics software.
Results
In our study 61 STEMI patients were included, 77% (47) male and 14% (14) (Table 1) .
It was found, as expected, a positive correlation between in-hospital mortality and the GRACE risk score (r = 0.314, P = 0.05). Regarding the primary end-point of our study, it was found a positive correlation between RDW levels and in-hospital mortality (r = 0.343), however there was no statistical significance ( Fig. 1) . Regarding the secondary end-point, it was found a statistically significant positive correlation between RDW and the GRACE risk score at hospital admission (r = 0.410, P = 0.01) (Fig. 2) . In this study we also identified a positive correlation between RDW levels and age (r = 0.392, P = 0.01). There was no significant difference in RDW levels between male and female patients.
Discussion
In our study we observed a positive correlation between RDW values and the parameters to which they were compared (in-hospital mortality and GRACE risk score), although inhospital mortality was not statistically significant.
The factors probably involved in the increased RDW values in patients with CVD are related with pathophysiological mechanisms well established as the triggers for 
Figure 2
Correlation between GRACE risk score and RDW.
endothelial damage and atherosclerosis. Such mechanisms diminish the half-life of the erythrocytes, which generate an increment in peripheral mobilization of reticulocytes with the consequence of an RDW increment.
1---3,6,12,13
The inflammatory response and endothelial damage manifest clinically as alterations in several parameters assessed in the GRACE risk score, which also result in RDW increment.
1---3,6,12,13 Oxidative stress, inflammation, and released cytokines secondary to inflammation damages the iron metabolism, reduces the life span of erythrocytes, inhibits erythrocyte maturation, accelerates the migration of reticulocytes into the peripheral circulation, reduces the bone marrow response to erythropoietin, and increases RDW.
1---3,5,6,9,12 This is particularly relevant when anemia and iron deficiency have been recognized as treatable co-morbid conditions. 6, 12 heart rate, ST segment deviation, creatinine serum levels and elevated cardiac biomarkers), 14 may be related with the mechanisms also implicated in the increment of RDW values.
Age of patients (the issue that generates a major negative impact in the GRACE risk score) was positively correlated with RDW in our study. Higher RDW has been associated with worse outcome in the elderly, in patients with heart failure or ischemic heart disease and in those undergoing percutaneous coronary revascularization, irrespective of baseline hematocrit. 13 Although the pathophysiological mechanisms involved in this alteration are not well described, it is well known that there is an increased endothelial damage and accumulated risk factors for CVD as the patients grow older, which could explain, at least partially, these observations. Heart failure is a condition that increases mortality in patients with myocardial infarction and its presence, as assessed by BNP and NT-proBNP serum levels, has been related with incremental RDW values.
1,2,4,6,7 Therefore some authors have observed an increased RDW as a predictor of mortality in patients with heart failure 2,4,6,7 ; even after adjustment for hematocrit. 6, 11 The severity of heart failure in STEMI patients, as assessed by the Killip and Kimball scale, is included in the GRACE risk score and explains, partially, the positive correlation between RDW and the final score in this risk scale observed in our study.
History of myocardial infarction could be related to some factors that increase RDW levels. Re-hospitalization of patients because of re-infarction was prognosticated by high levels of RDW during hospitalization, independent of revascularization and other laboratory parameters. 3, 9, 11 Factors like increased oxidative stress, endothelial damage and atherogenic burden were related to the non-reflow phenomenon and the absence of collaterals in one study. 10 Erythrocytes contain large amounts of free cholesterol, and pathological changes in the erythrocyte membrane and spread of inflammatory cascade causes erythrocyte aggregation in the atheromatous plaque and the storage of free cholesterol in the RBC membrane. 1, 2, 9 This decreases RBC rheology, which impairs blood flow through the microcirculation, resulting in the diminution of oxygen supply at the tissue level. 2 A positive correlation between high RDW and high total cholesterol levels that was contained by the erythrocyte membrane in myocardial infarction patients has been demonstrated. 9 All of the aforementioned factors can be related not only to the risk of re-infarction, but also to the extension of the damaged myocardial tissue, the electrocardiogram (ECG) changes and the elevation of cardiac biomarkers.
ECG ST-segment deviation is related to the severity and to the level of the coronary arterial obstruction. Therefore factors that increase RDW, such as atherogenic burden 2 and the absence of collateral vessels, 10 can contribute to the presence of ST-segment deviations on the ECG.
The elevation of cardiac biomarkers is a determinant of the extension of the infarction, as well as a prognostic factor. In one study it was found an association between increased RDW and elevated troponin T levels. 1 In another study a greater baseline RDW was associated with increased myocardial injury in non ST elevation myocardial infarction patients. 7 Factors such as the absence of collateral vessels, 10 the severity of the inflammatory damage, 1---3,5,6,9,12 the atherogenic burden, 2 heart failure 1,2,4,6,7 and renal failure 1 ; can potentially contribute to both increased cardiac biomarkers serum levels and higher RDW levels.
The presence of tachycardia at hospital admission in STEMI patients is a well-established risk factor for morbidity and mortality. The causes of tachycardia in these patients may be several, ongoing angina or acute heart failure can contribute in varying degrees. Erythrocyte progenitor cells are stimulated by neurohumoral and adrenergic system activation, depending on decreased erythropoiesis and, as a result, RDW levels increase. 9, 11 Because of this, independent of the cause, the activation of the adrenergic and neurohumoral systems is a direct cause of RDW increment.
Renal function, as assessed by the glomerular filtration rate, as well as the presence of microalbuminuria, has been observed to be positively related with the increment in RDW levels. 1 The presence of renal insufficiency in myocardial infarction patients is multifactorial; heart failure, hypotension and cardiogenic or hypovolemic shock, contribute in varying degrees to its production. All of these mechanisms also may cause an increased RDW.
RDW is an epiphenomenon that reflexes the grade of severity in the alteration of multiple pathophysiological mechanisms, which lead to major clinical anomalies such as those assessed in the GRACE risk score.
Despite the aforementioned, because of RDW lack of specificity, 1 its main strength may be if it adds information to the already established risk scores such as the global registry of acute coronary events (GRACE) score, used in this study, that was developed from the registry of patients within the wide spectrum of acute coronary syndrome and has been validated as a predictor of death or myocardial infarction (MI) during hospital stay and at 6 months following hospital discharge. 14 Among the limitations of this study is the fact that patients were only followed during hospital stay, which could explain the lack of statistically significance in the correlation between RDW and in-hospital mortality. However, given the positive correlation observed between RDW and the GRACE risk score, we think that a long-term follow up (30 days to six months) of these patients may show a positive statistically significant correlation between RDW levels and overall mortality.
Conclusions
RDW is a biomarker whose increased levels are the result of multiple pathophysiological mechanisms that play a role in the myocardial infarction and which could be a useful tool for risk stratification in such patients. Its benefit relies upon its easy acquisition in daily clinical practice by means of a complete RBC count, which does not generate additional costs for neither the patients nor the health services.
High RDW values could predict in-hospital mortality in STEMI patients, as well as give additional information to the validated GRACE risk score.
More studies with higher populations will be needed to support the use of RDW values as a biomarker in myocardial infarction patients. However, with the evidence we have so far, RDW could be implemented in the prognostic evaluation of STEMI patients, early at hospital admission.
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